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(S) Taper-locked acetabular socket bearing. 

(5?) An acetabular prosthesis (8) having an orient- 
able socket bearing (13) and a cup (10) for 
fixation to bone (6) is provided. The bearing (13) 
has a male taper (26) which locks into a corre- 
sponding female taper (28) formed in the cup 
(10). Two screws (15) are used to seat the 
bearing (13) in the cup (10) and to further 
secure the taper lock. The assembly of the 
bearing (13) and cup (10) forms a set of 
peripheral apertures (4) through which bone 
screws (15) can pass to further secure the cup 
(10) to the patient's bone (6). One or both of the 
socket bearing (13) and the cup (10) comprises 
a ceramic material. 
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This invention relates to acetabular prostheses 
having a sock t bearing and a cup wherein th bear- 
ing is r tained within the cup by means of a self- 
locking taper. The socket b aring and/or cup compris- 
es a ceramic material, which will not exhibit substan- 
tial flow when used in an acetabular prosthesis. 

Acetabular prostheses having metal socket bear- 
ings are known in the art. Early constructions are 
shown in US-A-3,820,167, US-A-3,943,576, and US- 
A-4,077,070. US-A-3,848.272, and US-A-Re 28,895. 
These prostheses were of the constrained type 
wherein the bearing encompassed more than half of 
the ball. The bearing consisted of two pieces which 
were placed around the ball and secured to the cup 
by riveting or screw threads. Because of the difficulty 
of assembling the prosthesis in situ, the surgeon was 
provided with an assembled joint comprising both the 
femoral and acetabular components. 

WO- A-83/02555 shows a variation of these ear- 
lier constructions wherein the metal bearing could en- 
compass 180° or less of the femoral ball. Attachment 
between the bearing and the cup was again by means 
of a screw thread. Accordingly, although in situ as- 
sembly was not impossible, it was still generally im- 
practical because of the screw thread. 

US-A- 4,678,472, shows two metal bearing con- 
structions. In the first construction (Figures 9-10 of 
US-A-4,678,472), the bearing comprises two pieces 
which encompass more than half of the ball and which 
are held together around the bail by means of retain- 
ing ring 74. For this construction, in the assembled 
joint, the bearing can rotate within the cup to provide 
a greater range of motion for the joint. In the second 
construction (Figures 33-34 of US-A-4,678,472), the 
bearing again comprises two parts which in this case 
are locked in place within the cup by wedge 136. 

Other constructions for acetabular prostheses 
employing metal socket bearings are disclosed in US- 
A-4,969,910. 

A bearing composed of a ceramic material is dis- 
closed in US-A-3,894,297. In this case, the bearing is 
carried by a plastic casing, with the bearing being held 
in the casing by a flexible, circumferential bead, and 
with the casing being held in the prosthesis 1 cup by a 
circumferential bead formed just inside of the rim of 
the cup. 

The hereinafter described and illustrated em- 
bodiments of prosthesis include an improved mech- 
anism for retaining a socket bearing in an acetabular 
cup. More particularly, the improved mechanism 1) 
essentially eliminates micro-motion between the 
bearing and the cup, 2) allows the bearing to be easily 
oriented with respect to the acetabular cup after the 
cup has b en affixed to bone, 3) can be used with 
both constrained and non-constrained bearing con- 
figurations, and 4) allows for easy removal of th 
bearing from th cup. 

According to one aspect of the present invention 


there is provided a prosthesis for use in forming an im- 
plantabl ball and sock t j int comprising: 
(a) a socket bearing comprising: 

(i) a cavity for receiving the bail of th ball and 
5 socket joint; 

(ii) an external surface at least a portion of 
which comprises a male taper; and 

(iii) a non-threaded slot having an open end 
and a closed end; 

10 (b) a cup for fixation to bone comprising: 

(i) a cavity for receiving the socket bearing, 
said cavity having a surface at least a portion 
of which comprises a female taper for locking 
engagement with the male taper of the socket 

15 bearing; and 

(ii) a threaded-slot; 

said male and female tapers comprising a self- 
locking taper and said prosthesis further comprising 
means for driving the male taper into the female taper, 

20 said means comprising a screw which is received in 
an aperture formed by alignment of the non-threaded 
slot of socket bearing with the threaded slot of cup; 

wherein either or both of said socket bearing 
and cup comprises a ceramic material. 

25 According to a further aspect of the present in- 
vention there is provided a prosthesis for use in form- 
ing an implantable ball and socket joint comprising: 

(a) a socket bearing having a cavity for receiving 
the ball of the ball and socket joint said socket 

30 bearing having an external surface which in- 
cludes a first non-threaded slot having an open 
end and a closed end and a second non-threaded 
slot having two open ends; and 

(b) a cup for fixation to bone, said cup having a 
35 cavity for receiving the socket bearing, said cav- 
ity having a surface which includes two threaded 
slots wherein alignment of the first non-threaded 
slot of the bearing with one of said threaded slots 
forms a first aperture for a set screw and the 

40 alignment of the second non-threaded slot of the 
bearing with the other of said threaded slots 
forms a second aperture for a bone screw; 
wherein either or both of said socket bearing 
and cup comprises a ceramic material. 
45 The socket bearing preferably includes a lip to 
help restrain dislocations of the ball. Also, the bearing 
can encompass either less than or more than half the 
ball to produce a non-constrained or constrained con- 
struction, respectively. In the latter case, the bearing 
50 is composed of two pieces and preferably includes 
alignment means to aid in the assembly of the pros- 
thesis. 

Embodiments of prosthesis in accordance of the 
present invention will now be described, by way of ex- 
55 ample only, with reference to the accompanying 
drawings in which: 

Figur 1 is an exploded view of a prosthesis con- 
structed in accordance with the inventi n and com- 
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prising a socket bearing insert a cup, set screws, and 
b ne screws. 

Figure 2 is a top view of the assembled prosthesis 
of Figure 1. 

Figure 3 is a cross-sectional view along lines 3-3 
In Figure 2 showing the use of a set screw to seat the 
socket bearing insert in the cup. 

Figure 4 shows an instrument for use in loosening 
the socket bearing from the cup. 

Figure 5 is a cross-sectional view along lines 5-5 
in Figure 2 illustrating the application of the invention 
to a constrained, two-piece, socket bearing insert. 

Figure 6 is a cross-sectional view along lines 6-6 
in Figure 2 showing the use of a bone screw to fasten 
the cup to bone. 

With reference now to the drawings, wherein like 
reference characters designate like or corresponding 
parts throughout the several views, there is shown in 
Figure 1 an exploded view of an acetabular cup 10 
and a socket bearing 13 constructed in accordance 
with the invention. 

Bearing 13 includes cavity 32 for receiving the 
ball of the femora) portion of the prosthesis. To aid in 
restraining dislocations of the ball, the bearing in- 
cludes lip 17. During implantation, the lip is oriented 
in a direction which provides a range of motion and 
level of stability which best fits the anatomy of the pa- 
tient Preferably, a family of bearings having lips of 
different angular offsets is provided to the surgeon so 
that a suitable match can be achieved between the 
function of the prosthesis and the needs of the pa- 
tient See US-A-4,678,472. 

Acetabular cup 10 includes outer surface 12 for 
engagement with bone and inner cavity 30 for receiv- 
ing bearing 1 3. Various constructions known in the art 
can be used for outer surface 12. A particularly pre- 
ferred construction is that disclosed in commonly as- 
signed, Conta, DeCarlo, and Noiles, U.S. Patent Ap- 
plication Serial No. 08/019,417, filed February 18, 
1993, and entitled "Sintered Coatings for Implantable 
Prostheses". 

Bearing 13 and cup 10 mate by means of a pre- 
cise male taper 26 formed on the outside surface of 
the bearing and a precise female taper 28 formed on 
the inside surface of cavity 30. To ensure a secure fit 
between these components, the taper angle is chos- 
en to be within the range of self-locking tapers. For ex- 
ample, a total included taper angle (both sides of the 
taper) in the range of from about 6° to about 17° will 
achieve this result More generally, the total included 
taper angle a must satisfy the following relationship 
where \i is the coefficient of friction between the ma- 
terials making up the male and female surfaces of the 
taper 

tan a/2 < u. 

To all w for removal of th bearing from the cup, 
the taper angle is pref rabiy chos n towards the high 
end of the range of locking tapers. In practice, for a 


m tal bearing in a metal cup, a total included taper an- 
gle of about 14° has been found to work successfully. 

For the s tf-locking taper to function prop rly 
during implantation and use of the prosthesis, both 

5 the cup and the bearing should b made of materials 
which will not exhibit flow, i.e., plastic deformation, 
which would impair the function of the self-locking ta- 
per under the forces and at the temperatures encoun- 
tered during implantation and use of the prosthesis. 

10 It is in this sense that the term "non-plastic" is used 
herein. That is, the term excludes materials which 
cannot maintain the required self-locking taper geom- 
etry during implantation and use. 

To ensure security of the locking taper, set screws 

is 15 are used to seat bearing 13 in cup 10. The set 
screws operate by means of slots 22 formed in the 
outer surface of bearing 1 3 and slots 20 formed in the 
inner surface of cup 10. Slots 20 include threads 21 
which engage the threads of set screws 1 5. Slots 22, 

20 which are unthreaded, include end surfaces 23 
against which set screws 15 abut. As the set screws 
are tightened, they force bearing 13 into cup 10 by 
pushing against surfaces 23 thereby locking tapers 
26 and 28 together (see Figure 3). 

25 As shown in Figures 1 and 2, bearing 13 includes 
two diametrically-opposed, non-threaded slots 22 
having end surfaces 23. To avoid binding of the ta- 
pers, set screws 15 are preferably tightened against 
end surfaces 23 in alternating increments. If desired, 

30 additional slots 22 and set screws 15 can be used. 
Again, an alternating pattern for tightening the 
screws should be used. A single set screw can also 
be employed but, in general, is not preferred. 

When bearing 13 is composed of a brittle mate- 

35 rial, such as a ceramic, the tips of set screws 1 5 may 
advantageously include an insert of a resilient mate- 
rial such as nylon or a deformable material such as sil- 
ver to protect end surfaces 23. When bearing 13 is 
composed of metal, such an insert is generally not 

40 used. 

Threaded slots 20 in cup 10 are preferably ar- 
ranged in multiple sets of diametrically-opposed slots 
with which the non-threaded slots 22 of bearing 13 
can be aligned. In this way, the bearing can be readily 

45 oriented with respect to the cup and then secured to 
the cup in the selected orientation. For example, in 
Figure 1, cup 13 includes four sets of diametrically- 
opposed threaded slots 20. Accordingly, bearing 13 
has eight orientations with respect to cup 10. Of 

so course, more or fewer sets of threaded slots 20 can 
be used as desired to achieve more or fewer possible 
orientations of the bearing with respect to the cup. 

To aid in the assembly of bearing 13 and cup 10, 
the bearing preferably includes pilot hub 34, and the 

55 cup includ s mating aperture 36 (see Figure 3). The 
hub and ap rture will preferably engage prior to the 
engagement of tapers 26 and 28 and thus prevent 
cocking of the bearing in the cup. Also, hub 34 can 


3 


5 


EP 0 636 351 A2 


6 


conveniently be used as a holding point during ma- 
chining of the bearing. Likewis , aperture 36 can be 
us d by the surgeon as a seat for an implantation in- 
strument, as well as a viewing port. Th inclusion f 
threads in aperture 36 can further facilitate implanta- 
tion, as well as manufacture of the cup. 

As can best be seen in Figures 1 and 3, bearing 
13 includes notches 38 adjacent to non-threaded 
slots 22. These notches are used to unseat taper 26 
from taper 28 in order to allow either rotation of the 
bearing within the cup or complete removal of the 
bearing if desired. In the assembled prosthesis, 
notches 38 sit proud of the face 44 of cup 10 (see Fig- 
ure 3), and thus can be engaged by tang 42 of loos- 
ening instrument 40 (see Figure 4). Once engaged, 
the tang is used to pry the bearing free from the cup. 
If the bearing is composed of a brittle material such 
as a ceramic, the tang can include an insert of a re- 
silient material such as nylon or a deformable material 
such as silver to protect the bearing during removal. 

Other loosening techniques may be employed if 
desired such as the placement of full-length, thread- 
ed slots on bearing 1 3 and cooperating partial-length, 
non-threaded slots on cup 10. The turning of a set 
screw in this combination will drive the bearing out of, 
rather than into, the cup. Mechanisms of this type 
have been employed to disengage pulleys or gears 
from shafts upon which they have been mounted us- 
ing a taper lock and set screw mechanism. See Gates 
Power-Grip Timing Belt Catalog, 1991, pages 72 and 
82. 

Figure 5 shows an embodiment of the invention 
wherein the bearing is made in two halves and thus 
can be used to form a constrained prosthesis, i.e., a 
prosthesis wherein the bearing surrounds more than 
half the ball. The bearing construction used for this 
embodiment is essentially identical to that of Figures 
1 -3 except for the division of the bearing body into two 
parts. To assure alignment of the parts, key 46 is 
formed on one half and a mating slot 48 is formed in 
the other. This key and slot arrangement in conjunc- 
tion with the halves being seated in taper 28 of the cup 
ensures the continuity of spherical cavity 32 in the as- 
sembled prosthesis. Alternatively, pins located in one 
half of the bearing can cooperate with holes in the 
other half of the bearing to attain a similar alignment. 
As shown in Figure 5, bearing 13 has an oblique face 
50 which forms lip 17. If desired, a scalloped perime- 
ter of the type shown in Figure 33 of US-A-4,678,472 
can be used in both this embodiment and that of Fig- 
ures 1-3. 

In addition to non-threaded, partial-length slots 
22, bearing 13 (whether constrained or non-con- 
strained) includes non-threaded, full-length slots 24. 
When slots 22 are aligned with one of the sets of slots 
20 in cup 10, full-length slots 24 also align with slots 
20. In this way, bone screws 15 can be inserted 
through the ap rtures formed by the alignment of 


slots 20 and 24. 

In rd r forth heads of the bone screws t be re- 
cess d below the face 50 of bearing 13 and engag 
with cup 10, slots 24 have a diamet r slightly greater 

5 than that of th head of the screw. In order for th 
bone screw to not pass through slot 20, the diameter 
of the screw head must be greater than the minor di- 
ameter of screw thread 21 in slot 20 and is preferably 
the same diameter as the major diameter of screw 

10 thread 21. In this way, the head of screw slides within 
slot 24 of the bearing and engages the cup at the end 
of thread 21 adjacent to face 44 of cup 10 (see Figure 
6). Typical diameters for the slots and bone screws 
which will achieve this result are: slot 24 - (6.65mm) 

15 0.262"; minor diameter of screw thread 21 - 
(5.11mm) 0.201"; major diameter of screw thread 21 
- (6.15mm) 0.242"; screw head - (6.35mm) 0.250"; 
and maximum diameter of bone screw body - (5mm) 
0.197". Otherdimensionscan of course be used if de- 

20 sired. 

The components of the prosthesis can be con- 
structed of various biocompatible materials now 
known or subsequently developed in the art 

If metal is used for one of the bearing and the cup, 
25 the bearing or cup may, for example, be composed of 
a cobalt-chromium alloy (see ASTM-F75 and ASTM- 
F799) or pure titanium or a titanium alloy such as Ti 
6AI4V(seeASTM-F136). 

The ceramic of the bearing and/or the cup may, 
30 for example, be alumina (see ISO 6474) or zirconia. 

The bone screws and set screws are preferably 
a Ti 6AI 4V alloy, although other materials can be 
used. 

As is known in the art, fretting can take place 

35 where two parts meet if motion, including motion at 
the micron level (micro-motion), takes place between 
the parts under repetitive cyclic loading. It is for this 
reason that a secure locking engagement is critical to 
the success of an acetabular prosthesis employing a 

40 removable socket bearing. The locking taper mecha- 
nism disclosed above in combination with the use of 
set screws to ensure secure seating of the tapers pro- 
vides the necessary security against motion between 
the parts and thus overcomes the hazard of fretting 

45 during long term use of the prosthesis. 

A variety of modifications which do not depart 
from the scope of the claims will be evident to per- 
sons of ordinary skill in the art from the disclosure 
herein. The following claims are intended to cover the 

so specific embodiments setforth herein as well as such 
modifications, variations, and equivalents. 


Claims 

55 

1 . A prosthesis (8) for use in forming an implantable 
ball and socket joint comprising: 

(a) a socket bearing (13) comprising: 
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(i) a cavity (32) for receiving the ball of the 
ball and socket joint; 

(ii) an external surface at least a portion of 
which comprises a male taper (26); and 

(iii) a non-threaded slot (22) having an 5 
open end and a closed end (23); 

(b) a cup (10) for fixation to bone comprising: 

(i) a cavity (30) for receiving the socket 
bearing (13), said cavity (30) having a sur- 
face at least a portion of which comprises 10 
a female taper (28) for locking engage- 
ment with the male taper (26) of the socket 
bearing (13); and 

(ii) a threaded-slot (20); 

said male and female tapers (26, 28) com- is 
prising a seff-locking taper and said prosthesis (8) 
further comprising means for driving the male ta- 
per (26) into the female taper (28), said means 
comprising a screw (15) which is received in an 
aperture formed by alignment of the non-thread- 20 
ed slot (22) of socket bearing (1 3) with the thread- 
ed slot (20) of cup (10); 

wherein either or both of said socket bear- 
ing (13) and cup (10) comprises a ceramic mate- 
rial. 25 

2. The prosthesis (8) of claim 1 wherein the total in- 
cluded taper angle of the locking male and female 
tapers is between about six degrees and about 
seventeen degrees. 30 

3. The prosthesis (8) of claim 2 wherein the total in- 
cluded taper angle of the locking male and female 
tapers is about fourteen degrees. 

35 

4. The prosthesis (8) of claim 1 , 2 or 3, wherein the 
cup (1 0) includes a second threaded slot (20) and 
the bearing (1 3) includes a non-threaded slot (24) 
having two open ends which can cooperate with 

the second threaded slot (20) of the cup (10) to 40 
form an aperture which will allow passage of the 
body but not the head of a bone screw (52). 

5. The prosthesis (8) of daim 4 wherein the thread 

(21) of the second threaded slot (20) prevents 45 
passage of the head of the bone screw (52) 
through the aperture. 

6. The prosthesis (8) of claim 1, 2 or 3 wherein the 

cup (1 0) includes a plurality of threaded slots (20) so 
and the non- threaded slot (22) of the bearing (13) 
can be aligned with any one of said threaded slots 
to form an aperture for the screw (15). 

7. The prosthesis (8) of claim 6 wher in the bearing 55 
(13) includes a non-threaded slot (24) having two 

pen ends which can cooperate with a threaded 
slot (20) of the cup (10) to form an aperture which 


will allow passage of the body but not the h ad of 
a bone screw (52). 

8. The prosthesis (8) of claim 7 wherein th thread 
(21 ) of th threaded slot (20) prevents passage of 
the head of the bone screw (52) through the aper- 
ture. 

9. The prosthesis (8) of any preceding claim includ- 
ing means (38) for loosening the locking engage- 
ment between the male taper (26) of the bearing 
(13) and the female taper (28) of the cup (10). 

10. The prosthesis (8) of claim 9 wherein the means 
for loosening comprises a groove (38) formed in 
the external surface of the bearing (13). 

11. The prosthesis (8) of any preceding claim where- 
in the socket bearing (13) comprises two pieces. 

12. The prosthesis (8) of claim 11 including means 
(46, 48) for aligning the two pieces of the socket 
bearing (13). 

13. The prosthesis (8) of claim 12 wherein the means 
for aligning comprises a key (46) on one of the 
pieces and a slot (48) on the other piece. 

14. A prosthesis (8) for use in forming an implantable 
ball and socket joint comprising: 

(a) a socket bearing (13) having a cavity (32) 
for receiving the ball of the ball and socket 
joint, said socket bearing (13) having an exter- 
nal surface which includes a first non-thread- 
ed sot (22) having an open end and a closed 
end (23) and a second non-threaded slot (24) 
having two open ends; and 

(b) a cup (10) for fixation to bone, said cup 
(10) having a cavity (30) for receiving the 
socket bearing (13), said cavity (30) having a 
surface which includes two threaded slots 
(20) wherein alignment of the first non-thread- 
ed slot (22) of the bearing (13) with one of said 
threaded slots (20) forms a first aperture for 
a set screw (1 5) and the alignment of the sec- 
ond non-threaded slot (24) of the bearing (1 3) 
with the other of said threaded slots (20) 
forms a second aperture for a bone screw 
(52); 

wherein either or both of said socket bear- 
ing (13) and cup (10) comprises a ceramic mate- 
rial. 

15. The prosthesis (8) of claim 14 wherein the second 
aperture will allow passage of the body of a bone 
screw (52) but not the head of the bone screw 
(52). 
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1 6. The prosthesis (8) of claim 1 5 wh rein the thread 
(21) fthe ther threaded si t(20)prev nts pas- 
sage of the head of the bone screw (52) through 
th ap rture. 

5 

17. The prosthesis (8) of claim 14, 15 or 16, wherein 
the cup (10) includes a plurality of threaded slots 
(20) with which the first and second non-threaded 
slots (22, 24) of the bearing (13) can be aligned. 

10 
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FIG. 2. FIG. 4. 
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